
 

Rocks and Minerals 
 
 
 
I.  Minerals: The Building Blocks of Rocks 
 
Rocks are composed of minerals, which in turn are composed 
of chemical elements.  The diagram at the left shows the 
stages in rock formation: 

1. elements combine to form crystals 
2. crystals combine to form minerals 
3. minerals combine to form rock 

 
Some minerals are made up of few elements, such as quartz, 
which is composed of only two elements (silicon and 
oxygen), while others are composed of many elements.   
 
It is very important to understand the differences between 
minerals and rocks.   
 
Minerals Rocks 
Solid homogenous 
compound 

Solid heterogeneous 
compound 

Composed of atoms of one 
or more elements 

Composed of one or more 
minerals and/or organic 
material 

Usually has a specific 
chemical and crystal 
structure 

Has a variable chemical and 
structural composition 
throughout the rock 

Cannot be separated into 
distinct pieces by mechanical 
means 

Can be separated into distinct 
pieces by mechanical means 

 
Basically, what this means is that minerals are the same 
throughout (homogenous), while rocks have a variable 
composition (heterogeneous). You can see this just looking at 
a mineral or rock specimen.  If you smashed a mineral crystal 
with a hammer, all of the pieces would still look the same and 
have the same chemical make up as the original crystal.  
However, if you smash a rock with a hammer, the pieces will 
not be identical in composition.  One chunk might have more 
quartz, while the other piece has a big hunk of mica in it.   
 
In addition to crystal and chemical structure, minerals can be distinguished based on many physical 
properties, such as color, luster, transparency, streak, cleavage and hardness.   
  



 

 
II.  Mineral Properties: 
 
Color:  Minerals come in all colors, and some are even described as colorless.  Color is a good 
criterion to use in an initial identification of minerals.  However, some minerals, like quartz, calcite, 
and fluorite come in a wide variety of colors.  In other cases, several minerals have a similar coloring 
(like the quartz and fluorite shown below).  Other criteria are necessary to identify the minerals.  
Usually the combination of mineral color and crystal structure will identify a mineral. 
 

 
 
Rhodochrosite        Barite (red)    Crocroite           Calcite         Barite (orange)               Sulfur 
 
 
 

 
 
Pyromorphite       Pyromorphite                  Calcite         Smithsonite     Krohnkite 
 
 
 

 
 
Azurite                        Fluorite                                  Quartz                             Quartz (amethyst)



 

What causes minerals to exhibit a characteristic color (like gold or azurite) or to show a wide range 
of colors?  Minerals get their color from the presence and concentration of the elements that make 
them up.  Minerals that have a consistent color have an essential element in them that determines the 
color.  For example, minerals with high amounts of copper in their atomic structure are often blue in 
color.  Which of the minerals in the mineral rainbow shown on the previous page is likely to contain 
copper?  
 
In other minerals, very small traces of color-causing elements result in very different colors.  For 
example, pure quartz (SiO2) is completely colorless and transparent.  Very small amounts of other 
elements result in lots of different colors of quartz.  For instance, traces of iron produced the 
amethyst quartz in the middle below. 
 

 
 
Citrine – Orange quartz  Amethyst – Purple quartz Rose Quartz – Pink quartz 
 
Sometimes heat can change the color or a mineral.  For instance, if amethyst quartz is heated it turns 
orange, like citrine quartz.  Often times gemstones are heated to produce a deeper and more vibrant 
color – for example corundum, which is heated to form a deep red ruby. 
 
It is also possible for the color of a mineral to depend on its atomic structure – that is, the 
bonds between the elements rather than the element composition.  Did you know that 
DIAMOND and GRAPHITE have identical chemical compositions?  Both are composed 
only of carbon atoms.  And yet, diamond is colorless, transparent, and EXTREMELY 
HARD.  Graphite, on the other hand, is black, opaque, and soft – it is used to form the 
inside of your pencil, so as you know it wears down quite quickly.  In graphite, the carbon 
atoms are arranged in hexagonal plates, while in diamonds the carbon atoms form 
octahedrons. 
 
Crystal Structure:  The minerals of earth are classified in terms of the way their atoms 
are arranged in crystal structures.  Some crystal shapes may be familiar, like cubes, or 
octahedrons, but there are lots of other common crystal forms.  These websites go through 
them in greater detail: 
http://www.rockhounds.com/rockshop/xtal/part2.html 
http://www.minsocam.org/MSA/K12/crystals/crystal.html 
 
 
 
 

Graphite-  
hexagonal plates 

Diamond - 
octahedrons 

Cube 

Octahedron 



 

Luster:  Luster is the way that the mineral reflects light.  The luster may be described as pearly, 
earthy, vitreous (glass-like), metallic, or dull metallic.  Here are some examples of minerals with 
different lusters: 
 

 
 
 Talc – Pearly Luster    Magnetite – Dull or Earthy Luster 
 

 
 
 Fluorite – Vitreous Luster   Quartz – Vitreous luster 
 

 
 Pyrite – Metallic Luster   Copper – Dull Metallic Luster 
  



 

Transparency: The transparency of minerals can be opaque (light cannot pass through it), 
translucent (light can pass through it) or transparent (one can see objects through it).  The 
transparency of a mineral may depend on impurities in the mineral – for example, fluorite and quartz 
can both range from transparent to translucent.   

 
 

Feldspar – Opaque  Sulfur – Translucent  Fluorite – Transparent 
 

Because transparency is variable, it is not often used to identify minerals.  When assessing 
transparency, a thin sheet or fragment of the mineral should be held up to a light source to see if light 
passes through the mineral. 
 
Streak: Streak is the fine deposit of mineral dust left when the mineral is scraped across an abrasive 
surface.  Mineral streaks have a characteristic color that may be different from the color of the 
mineral itself.  Hematite is a notable example – although the mineral may be red, brown, grey, or 
black, it always produces a red streak.  Streak is one of the more useful properties for distinguishing 
minerals.  When testing for streak, the mineral is dragged over an unglazed porcelain plate.  This test 
only works for minerals with a hardness less than about 6.5, which is the hardness of porcelain.  Still, 
since streak is most important in identifying softer minerals, this is the most commonly used method. 
 
Specific Gravity:  Specific gravity (sg)  is a measurement of the density of minerals.  Two minerals 
may be identical in size, but one may feel much heavier than the other.  Specific gravity measures the 
density of the mineral relative to the density of water.  Water has a sg of 1, and all objects with a sg 
of less than 1 will float, while those with a sg greater than 1 will sink.  For minerals, a sg under 2 are 
considered light, a sg of 2 to 4.5 is considered average, and a sg of greater than 4.5 is heavy.  
Minerals with a metallic luster are usually the densest and have the highest specific gravity. 
 
Measuring specific gravity requires a graduated beaker of water and a scale.  First the weight of the 
beaker is taken and written down, as well as the weight of the mineral specimen. The beaker is 
partially filled with water, and the level of the water (in milliliters) is noted. After the mineral is put 
into the beaker with water, the water level is measured again. The difference in the amount of water 
before the specimen was put in and after it was put in is noted. The mineral is taken out, and the 
water is spilled out. Then the beaker is filled with the amount of water that the specimen displaced. 
The weight of the displaced water is determined by subtracting the weight of the beaker from the 
weight of the beaker plus water.  The displaced water has the same volume as the specimen, but a 
different mass. The weight of the specimen is divided by the weight of the displaced water, and that 
number is the specific gravity of the mineral specimen.  
 



 

Cleavage and Fracture:  These are often the least well understood properties of 
minerals.  Cleavage refers to the way the mineral breaks along lines of weakness, or 
along a particular plane.  If part of a crystal breaks due to stress and the broken 
piece retains a smooth face, the mineral exhibits cleavage.  

There are lots of different ways that minerals exhibit cleavage, but here are some of 
the common types:  

Basal cleavage: the mineral peels apart easily in flat sheets (like mica) 

Cubic cleavage: small cubes break off smoothly from an existing cube (i.e. galena)  

Octahedral cleavage: this occurs when the mineral exists in octahedral crystals – the 
pieces that break off are triangular shaped wedges. (i.e. fluorite) 

Fracture occurs when a mineral is chipped or broken.  Even minerals that exhibit 
cleavage will also fracture if they are not broken along planes.   

Hardness:  Hardness is defined as a mineral’s ability to scratch another mineral or to be scratched by 
the other mineral.  For example, if mineral A scratches mineral B, and mineral B does not scratch 
mineral A, then mineral A is harder than mineral B.  If mineral A and B both scratch each other, then 
their hardness is equal or very similar.  The hardness of a mineral is measured using a special scale 
called Mohs’ Scale of Hardness.  In this scale, talc is the softest mineral, with a harness of 1, and 
diamond is the hardest, with a value of 10.  Below are the harness values for some common minerals 
and other substances. 
 
Talc 1 Knife blade 5 ½ 
Gypsum 2 Feldspar 6 
Finger nail 2 Glass 6 
Calcite 3 Streak plate 6.5 
Coins 3.5 Quartz 7 
Flourite 4 Topaz 8 
Apatite 5 corundum 9 
  Diamond 10 
 
An interesting point about the Mohs scale is that it is not linear – the minerals that were chosen for 
each number were chosen because they were popular and easily identified minerals.  But, the 
distance between consecutive numbers on the scale is not consistent.  For instance, number 4 on the 
scale (fluorite) is only 1.11 times harder than number 3 (calcite) but number 10 on the scale 
(diamond) is 140 times harder than number 9 on the scale (corundum). 
 
Hardness testing is done by scratching or swiping one mineral with the other.  To get the best results, 
a sharp edge should be swiped against a smooth surface.  With soft minerals, powder may come off 
and cover the scratched area. This powder must be brushed away to see if the mineral really got 
scratched. 
 

Mica 

Galena 



 

Special Properties:  A few minerals are best identified by special properties, such as their 
appearance under florescent light.  The mineral magnetite will respond to a magnet.  Magnetite will 
also magnetically attract paper clips.  The mineral calcite fizzes when hydrochloric acid is added to 
it.    Sulfur is often recognized by its characteristic rotten egg smell.  Since minerals can have a 
variable appearance, it is best to use a series of properties in order to correctly identify an unknown 
mineral.  See some pictures of special properties on the next page: 
 

 
 
Willemite under ultraviolet light    Willemite under natural light 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Magnetite  



 

III.  Formation of Rocks 
 
A rock may consist of a single mineral, but most are combinations of several minerals.  Sometimes, 
the mineral crystals are large and easy to identify, as in the large quartz, feldspar, and mica crystals 
found in granite.  Other rocks are composed of fine grained mixtures of other rocks and minerals. 
 
We group rocks into three major categories: igneous, metamorphic, and sedimentary.  These three 
different types of rocks are linked through the rock cycle, which describes the process through which 
rocks are formed, altered, and destroyed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 

IV.  Sedimentary Rocks 
 
As you can imagine, sedimentary rocks form from sediments.  Sediments are simply loose bits of 
broken up rock or other mineralized material, like shell or bone.  Mud, sand, and gravel are all 
examples of sediments.   
 
Sediments are usually eroded from rocks on land and transported to the oceans, where the majority of 
sedimentary rock is formed.  Sediments are transported and deposited by moving water or wind, such 
as in rivers, on the beach, or in desert sand dunes.  As sediments build up, the underlying material is 
buried and compacted, squeezing the sedimentary particles closer together. This compaction, usually 
combined with the chemical precipitation of a cementing mineral, sticks the sediments together and 
forms a sedimentary rock.    

 
Types of Sedimentary Rocks 
Sedimentary rocks can be divided into two main groups based on the way that they form: 
   
Chemical sedimentary rocks are those made of chemical precipitates that crystallized out of 
a solution in which they were dissolved.  The most important of these is limestone, made of calcium 
carbonate (usually from the shells and skeletons of dead marine animals).   
 
Clastic sedimentary rocks are those made from sediments (sand, pebbles, shells, mud, etc.) that have 
been transported by a fluid.  The most important property of clastic rocks is the grain size -- the 
average size of the particles composing the rock.  
 
Both clastic and chemical sedimentary rocks may also be organic sedimentary rocks  - that is, they 
may be formed from the remains of dead organisms.   
 



 

In clastic sedimentary rocks, the grain size of the sediments gives information about the current 
energy (how fast the water was moving) where the rock was formed.  High energy environments 
include rapidly flowing rivers and exposed shorelines where waves continually pound on the coast.  
Low energy environments include lakes, protected bays or inlets, and deep-water sea bottoms where 
water is not moving very fast, if at all.  Current energy is related to grain size because the faster the 
water is flowing, the larger the particle it can transport.   
 
A very coarse-grained sedimentary rock was deposited in a high-energy setting, because the water 
was moving fast enough to bring in the pebbles that compose it and keep transporting everything 
smaller. Conversely, a very fine-grained rock made out of mud was deposited in a place where water 
was moving very slowly.  When sedimentary rock is formed solely from the cemented shells of 
marine animals, it is called cochina. 
 
A classification scheme for clastic sedimentary rocks based on grain size is as follows: 
 
GRAIN SIZE   SEDIMENT  ROCK  NAME FORMED IN   
2 mm to 65 mm  Pebbles                       Conglomerate  Turbulent river 
0.065 mm to 2 mm  Sand                            Sandstone  Near ocean shore 
less than 0.065 mm  Mud                            Mudstone   Calm lakes 

 
 Pebbles   Sand    Cochina 
 
 
 
Changes in the layers of a sedimentary rock 
reflect changes in the depositional 
environment.  The piece of sandstone on the 
right has very fine grained layers on the 
bottom, a layer with some large pebble sized 
sediments in the middle, and sand sized 
sediments on top.  In addition to grain size, 
sediment color can also provide information 
about the depositional environment of the 
sedimentary rock.  Red colors may indicate 
the presence of oxidized iron.  Black colors 
often indicate the presence of decayed organic 
matter (carbon).   



 

Here are some more examples of sedimentary rocks: 
 
 
This cross-bedded sandstone probably formed on an 
ancient sandbar – the layers are not horizontal 
because the current churned up the sand and formed 
sand bars and channels. 
 
 
 
 
This piece of sandstone faulted during the collision of 
two continents – can you spot the layers that were 
originally contiguous but are now shifted vertically? 
 
 
 
 
 
 
 
 
 
 
 
This piece of limestone is composed of calcium 
carbonite from the crushed shells of marine organisms. 
This gives the rock its white appearance and chalky 
texture.   It is a chemical sedimentary rock because the 
calcium carbonate precipitated out of solution and 
solidified to make this rock.  If you look closely, you 
can also see the fossil remains of some invertebrates 
that were buried in the precipitating sediment. 
 
 
 
 
 
This is a piece of chemical sedimentary rock.  The 
changing colors reflect changing mineral composition 
in the solution that formed the rock.



 

V.  Igneous Rocks 
 
Igneous rocks form during a process called plutonism.  Parts of the deep crust and mantle of the earth 
melt due to heat and pressure, forming magmas.  When magmas intrude higher into the crust or erupt 
at the surface of the earth, they crystalize to form igneous rocks of different compositions. 
 
Extrusive igneous rocks are formed by cooling magma at the surface of the earth, such as near lava 
floes.  When magma cools fast at the surface of the earth, the texture of the rock will be fine-grained 
(it will have small crystals).   
 
Intrusive igneous rocks form beneath the earth’s surface, and are then exposed by erosion or 
faulting.  When magma cools slowly below the earth’s surface or inside another rock, the atoms will 
arrange themselves into ordered patterns, and form large grains or crystals.  The minerals present in 
the magma will influence the rate of cooling as well as the final color and appearance of the igneous 
rock.  
  

 
  Basalt      Pumice    
 
Basalt is the most common extrusive rock.  It has very fine grains, and the minerals often cannot be 
seen.  It generally occurs as the result of a lava flow underwater.   
 
Pumice is another extrusive igneous rock.  If magma contains lots of hot gases, the gases tend to 
bubble or “froth up” the magma as they are released.  Pumice is the cooled froth -- a highly porous 
grey rock that is so light it may even float on water.   
 
Obsidian is a very fine grained extrusive igneous 
rock.  Often called volcanic glass, it has a glassy 
appearance and thin sheets may be translucent.  
Most obsidian is black, although other rare shades 
may be found.  Obsidian is one of many types of 
rocks ejected during volcanic eruptions.  
 
 
 
 

Obsidian 



 

 
Other types of extrusive rocks include hardened lava floes, such as aa lava, pahoehoe lava, and 
volcanic bombs.  Volcanic bombs are large chunks of igneous rocks that form in the air.  They form 
from molten lava that is ejected from and cools and solidifies in the air.  This gives them an 
aerodynamic tear-drop shape. 
 

 
 Aa lava   Pahoehoe lava 
 
 
 
 
 
           Volcanic bomb 
 
 
Granite is the most common 
intrusive igneous rock.  
Granite cools deep beneath the 
surface of the earth and may 
contain clearly identifiable 
minerals (quartz, feldspar, and 
mica).  It is coarse grained and 
light in color. 
 
The slowest cooling magmas 
give rise to pegmatites, very 
coarse grained rocks that may 
include crystals up to several 
meters long.  Pegmatites are 
very rare. 
 
 
 
     
         granite  



 

VI.  Metamorphic Rocks 
 
Intense heat and pressure that is slightly less than the amount needed to melt rocks into hot liquid 
magma forms metamorphic rocks.  Rocks of all kinds can be transformed into new metamorphic 
rocks. Igneous, sedimentary, and even existing metamorphic rocks can be changed and altered. 
 
Metamorphic rocks range from fine to coarse grained in texture.  The minerals of which they are 
made usually occur as crystals.  Many of these show foliation -- a sheety, wavy, or leafy structure 
due to pressure causing the parallel alignment of minerals.  Some are also very fine grained granular 
rocks.  Examination of the crystals can help to determine the rock’s origin and identity. 

 
 
 
  
 
 
 
 
 
 

Schist             Shale (parent material for slate) 
 
Schists are sheety rocks with well-defined planes of medium grained minerals.  They are very highly 
metamorphosed rocks that may be formed from sedimentary rocks such as siltstone.  Schists often 
contain quartz and the vitreous or pearly mineral mica. 
 
Slates are very finely grained, gray rocks with minerals that cannot easily be seen.  They have a more 
perfectly flat sheet than the schists.  Slate is the simple metamorphic product of the sedimentary rock 
shale.  Pressure alone (i.e. the weight of millions of years of sediments) can cause the recrystalization 
of shale to form slate.  Slate is often darker in color (dark grey or black) than the lighter grey shale 
that is the parent material. 
 
Gneiss is a coarse grained metamorphic rock.  Many different types of rocks can be changed into 
gneisses, but gneisses are often the product of intrustive igneous rocks (i.e. granite).  They have 
broader and less distinct foliation than the schists, though they also exhibit a somewhat parallel 
arrangement of minerals.  Gneisses often contain the minerals quartz and feldspar. 

 
 
 
 


